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ABSTRACT 

Background and Purposes Programmed cell death is a genetically regulated pathway that Is altered in many 
cancers. This process is, In part, regulated by the bcl-2 oncogene. Antisense oligodeoxynucleotides (ODNs) tar- 
geted to specific oncogenes have been used with some therapeutic success in animal models at leukemia and 
melanoma cells and human Hodgldn's lymphoma. We evaluated the effects of antisense ODNs targeted to the 
bcU2 oncogene on the proliferation of human renal-cell carcinoma (RCC) cells In vitro and on the growth of 
human RCC xenografts in BALBc nude (nu/nu) mice. 

Materials and Methods: Expression bcl-2 mRNA in five RCC cell lines (ACHN, Caki-1, RCZ, RCW, and 
OS-RC-2) was analyzed by reverse transcriptase-polymerase chain reaction. The effects of phosphorothloated 
ODNs containing human bcl-2 sense and bcl-2 antisense sequences that were transfected with Upofectin on 
the proliferation and viability of cultures of established human RCC cell lines were determined by MTS as- 
say. The expression of Bcl-2 protein in ACHN tumor cells following antisense bcl-2 (AS2) ODN treatment was 
evaluated by Western blot analysis, and the extent of apoptosis in these cells was determined by fluorescence- 
activated cell sorter (FACS) analysis. The antitumor activity in ACHN xenografts in nu/nu mice was moni- 
tored by measuring differences In tumor weight In treated and control mice. 

Results-. Expression of bcl-2 mRNA was detected In all five RCC lines. Treatment with antisense bcl-2 ODNs 
inhibited the growth of all tested RCC cells and decreased Bcl-2 protein expression in ACHN cells. The A82 
antisense ODN complementary to the coding region of bcl-2 mRNA showed a superior antiproliferative effect 
compared with A51 ODN complementary to the translation initiation region. Inhibition by antisense bcl-2 
ODNs of ACHN cells was dose dependent. The FACS analysis revealed that growth inhibition was associated 
with the induction of programmed cell death. In vivo, AS2 ODN antitumor activity was noted In locally in- 
jected groups. 

Conclusions : Treatment of human RCC with antisense ODNs targeted to bcl-2 inhibits growth and is as- 
sociated with the induction of programmed cell death. These results suggest therapeutic use of antisense bcl- 
2 In the treatment of RCC. 



INTRODUCTION 

Approximately 30% op pa tib NTS with renal- cell carcinoma 
(RCC) present with metastatic disease. 1 In addition, a sub- 
set of patient* with localized turn era ultimately develop metasta- 
tic disease, and some patients arc at rule for local tumor spread 
or progression. To date, cytotoxic chemotherapy agents have 



not improved the survival of patients with RCC with metasta- 
sis. A more rational strategy far Improving survival la needed 
Cancer development is a complex, mullistep process char- 
acterized by the abnormal activation of cellular prolo-onco- 
genes (to become oncogenes) and the loss of function of tumor 
suppressor genes. 3 Individual oncogenes, encoding molecules 
involved In the transduction of mitogenic signals or in rcgulat- 
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ing the transcription of genes whose products arc normally re- 
quired for DN A synthesis and cell proliferation, have been im- 
plicated in this process. 

The bcl-2 oncogene wm first Identified as a site involved m 
a t(14;!8) chromosomal translocation In follicular lymphomas. 
The bct-2 gene is the prototype of a novel class of oncogenes 
that contribute to neoplastic progression by enhancing tumor 
cell survival through inhibition of apoptotic death. The exact 
molecular mechanism by which Bcl-2 inhibits programmed ceil 
death has not been unequivocally established. Studies have 
shown that Bcl-2 inactivates inducers of programmed cell death, 
such as Bax, through heterodimeriration and that it u the rabo 
of Bcl-2. or functionally similar gene products, to apoptosis in- 
ducers that determines whether a cell will undergo programmed 
death. 4 The antitumor activity of radiation and many 
chemothcrapcutic agents appears to result from apoptosis that 
is dependent on the expression of Bcl-2 in a variety of animal 
tumor models and non-Hodgkin's lymphoma. 3 * Thus, bcl-2 ap- 
pears to be a particularly attractive target for genetic downreg- 
ulation in a wide range of tumor types, especially in concert 
with conventional cytotoxic agents. 7 

Antlsense ofigodeoxynucledides (ODNs) can inhibit gene ex- 
pression and are now commonly used to investigate the role of 
oncogenes in cancer envelopment, 1 " 10 In mice with human 
leukemia cell transplants, systemic treatment using antisense 
ODNs - temporarily curbed disease progression." Antisense 
ODNs targeting several oncogenes nave recently been reported 
to specifically inhibit expression of these genes and delay tumor 
progression. The therapeutic potential of antisense ODNs in the 
treatment of solid tumors also has been investigated. Re- 
cently, antisense bcl-2 ODNs were found to inhibit the growth 
of small-cell lung cancer and melanoma in vitro. 14 - 16 Webb and 
colleagues 17 treated relapsed non-Hodgkin's lymphoma with an- 
tisense bcl-2 ODNs given eubcutaneously. Four of the nine pa- 
tients showed a complete response or stable disease. Antisense 
ODNs targeted to activated oncogenes also might have a thera- 
peutic role in the treatment of human malignancies, both ** vivo 
and in vivo, and have been used with some therapeutic success 
in animal model* of neoplastic disorders. 

The present study represents the first in a series of prelimi- 
nary experiments leading up to attempted gene therapy for RCC 
employing antisense bcl-2 ODNs. Herein, we establish that bcl- 
2 are expressed in five RCC cell lines and then demonstrate the 
programmed cell death- inducing antiproliferative effect of an- 
tisense bcl-2 ODNs on the ACHN cell line in vitro and in hu- 
man ROC xenografts growing in nude mice. 



MATERIALS AND METHODS 

Cell Lines 

Four kinds of human RCC cell lines (ACHN, Caki-1, RCZ, 
and RCW) were obtained from the American Type Culture Col- 
lection (Rockville, MD). The OS-RC-2 cell line was a kind 1 gift 
from Dr. T. Kinouchi. Cells were maintained in Eagle Minimal 
Essential Medium (MEM) or RPMI 1640 supplemented with 
10% heal-inactlvaled fetal bovine serum (ICN Biomedicals Inc., 
Aurora, OH), penicillin 100 umts/mL, streptomycin 100 
>ig/mL, and 4 mM glutamine at 37°C in an atmosphere of 5% 
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CO* Cells were plated and harvested in either the log phase or 
confiuency for all experiments. 

Reverse transcription-potym erase chain reaction 
analysis of bcl-2 mRNA 

The RT-PCR procedure involved isolation of total mRNA us- 
ing the 1SOGEN RNA isolation kit dSOGEN. Toynma, Japan) 
from cell* in log phase or confluent growth. The RT-PCR was 
performed using a Takara RNA LA ICR kit v. 1.1 from Takara 
Shuio (Otsu, Japan). First-strand cDNA was synthesized vamg 
1.5 p.g of total RNA template reverse transcribed using recom- 
binant RT. Random hex amen (50 pM) were used in a 20-/iL 
reaction mixture containing 5 mM MgCI* 1 X RNA PCR buffer, 
lOraM dNTP mix, and 20 U of RNase inhibitor. The reaction 
mixtures were incubated at 30°C for 10 rain and at 55»C for 13 
min, then heated for 5 min at 99«G The reaction mixture was 
then diluted to a final volume of 40 i£L with sterile HjO. The 
PCR mixtures contained 5 fiL of dOuted RT-PCR product, U 
mM MgCl 2 , IX RNA PCR buffer. 10 mM dNTP mix. 20 pM 
forward and reverse primers of bcl-2 and 0-actin using 
ApoPrimer set (Takara Shuzo) and 2£ V of Taq polymerase 
(Takara Shuzo Co.) In a final volume of 50 /iL, The DNA ther- 
mal cycler (ASTEC, Fukuoka, Japan) was run at WC for 30 
sec, 60*C for 30 sec, and 72°C for I min for 35 cycles. The PCR 
products were electrophoresed on a 3% agarose gel in 1 X TBE 
buffer. Experiments were done In duplicate. 

OligodeoxynucUotides 

Two kinds of bcl-2 antisense ODNb — AS1, coraplementiry 
to the translation initiation (5^TCTCCCAOOJTC5COCC- 
AT-3'X and AS2, complementary to the coding region (5'- 
AATCCTCCCCCA GTTCACCC-3 ') of bcl-2 nUWA—were 
used »- 17 As controls, SI (5 ' .TACCOCCTOCOACCCTCT-3 ') 
and S2 (5'-CCCACTTOACCCXCTOCrAA-3 ') sense bcl-2 
ODNs were used. All ODNs were phosphorothionted, purified, 
and dried under vacuum by Espec Oligo Inc. fTwkuba, Japan). 
The ODNs were resuapended in acrum-free OPTI-MEM (life 
Technologies, Do.. Oaitheraburg, MD, USA) for use in in vitro 
and in vivo analysis. 

DNA Transfectiont 

Transient trunsfectiona were performed using Lipofectin 
reagent (Life Technologies), which is a 1:1 (wAv) liposome for- 
mulation of the cationk lipid N-(l-GW-diooieyloxy)propylJ. 
N,N,N-trinKmylammonium chloride (DOTMA) and dioleoyl 
phwphotidylethanolamine (DOPE) in membrane-filtered wa- 
ter. Antisense and sense bcl-2 ODNs were incubated for 15 min 
with Upofection 10 jAg/mL in scrum- free OPTI-MEM at room 
temperature. All medium containing Lipofectin was prepared 
just before each experiment 

Detection of Transfection Efficiency of Lipofectin in 
RCC Cells 

In situ staining of cells for /3-galactojidase activity was per- 
formed to Identify the transfection efficiency of Lipofectin in 
RCC cells. Briefly, each cell preparation was cultured with 0.5 
/ig of p-galactosidase control plasm Id (Proroega, Madison, WI) 
m Lipofectin 0, 15. 5, and 10 MaVmL in a 60-mm culture dish. 
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FIG. 1. Expression of be 1-2 mRNA In RCC cell lines. inRNA 
was isolated from cells in log phase or confluency, and RT- 
PCR was performed for first-strand cDNA svrjthcsji and am- 
plification. Experiments were performed in duplicate. Equiva- 
lence of total RNA amount* in samples was assessed by 
comparison of /3-aclln RNA levels. 



Cells were washed with 1 X phosphate-buffered saline (PBS), 
fixed by 0.5% glutaraidehyde solution, and incubated for IS 
rain. Cells were rinsed gently three limes with 1 X PBS to re- 
move the glutaraldehyde. Filtered 0.1% X-gal solution (0.2% 
X-gal, 2 mM MgCfe, 5 mM K<Fc[CN] 4 • 3H a O, 5 mM 
K,Fe[CN] 6 ) (Promega, Madison, WI) was added, and the mix- 
tures were incubated for 1 1 h. Stained cells were viewed with 
a light microscope. 

In Vitro Cell Growth Assay 

The growth-inhibitory effects on ACHN, RCW, and OS-RC- 
2 RCC cells were assessed dally on the basis of cell number and 
viability by the CellTilcr 96™ Aqueous nonradioactive one-so- 
lution cell- proliferation assay kit (Protncga), which contains a 
novel telrozolium compound [3-(4,5-dimethlthiazol-2-vi)-5-{3- 
carbc*yiwthoxypbeiryl>2-(4-sulf ophcD>l)- a H-tetiazolium, in- 
ner salt; MTSJ and an electron-coupling reagent (phcuazine elho- 
sulfate; PES). For the Cell Titer 96 Aqueous Assay (Promega), 
8 X 1 CP cells of each I inc were seeded in 96-well microti lerplaie* 
and allowed to attach overnight. The next day, the medium was 
replaced with 10% FBS -conditioned MEM or RPMI 1640 coo- 
taining various doses of ODNs and controls with or without Upo- 
fectin. Every 24 h of incubation, 20 pL of CellTiter 96 Aqueous 
reagent was added to each well, followed by incubation for 4 h 
at 37 °C The optical density was determined with a mlcroculture 
plate reader (Flow Laboratories, Lugano, Switzerland) at 492 ran. 
Absorbance values were normalized to the values obtained for 
the vehicle-treated cells to determine percent survival. Each as- 
say was performed in triplicate. 

Detection of Bcl-2 Protein by Western Blot Analysts 

The expression of Bcl-2 protein in the AC! IN cells was ex- 
amined by Western blot analysis. The cells were treated with 
150 uM each ASl t 51, AS2, and S2 ODNs with Lipofcctin 10 
/ig/mL Untreated cells and cells treated with Lipofcctin with- 



out ODNs were used as controls. At 48 b, cultured cells wexe 
placed in lysis buffer (CX01M Tris HQ, pH 74; 0.15 M NaO, 
5 mM EOT A, 1% Triton X-10G, pepslatin 0.7 fig/mL, apro- 
tinin 0.23 U/mL, 10 mM leupeptin, 1 mM benzamide, and 1 
mM phenylmethylsulfanyl fluoride) and sonicated. The protein 
content of the samples was quantified using the BCA protein 
assay (Pierce Chemical Co., Rockford, IL). Protein extracts (20 
pg) from lysates of the cultured cells were electrophorescd on 
a 12% SDS-poiyacrylamide gel and transferred to a nitrocel- 
lulose niter (Milliporc, Tokyo. Japan). The filters were blocked 
at 4 e C overnight in PBS containing 10% nonfat milk powder, 
and then incubated for 1 h with 1:1000 mouse anti-human Bd- 
2 monoclonal antibody (clone 124; DAKO A/S, Glostrup, Den- 
mark) or 1:5000 anti-human fl-actin monoclonal antibody 
(clone AC-74; Sigma Chemical Co.). To delect the primary an- 
tibody, wc incubated blots with anti-mouse IgO liorseradish per- 
oxidase conjugate (Santa Cruz Biotechnology, Santa Cruz, CA) 
for 1 h at room temperature. The iinmunocomplex was visual- 
ized by enhanced chemilumineacence by use of the BCL de- 
tection kit (Amershatn Ufe Science, Buckinghamshire, Eng- 
land) according to the recommendation of the manufacturer, 
followed by exposure to X-ray film (Aroersham Life Science). 
The relative protein level was quantified after the films had 
been scanned with a flat bed scanner (Shimadzu, Kyoto, Japan). 

Celt Cycle Analysis of Antisense bcl-2-Treated 
ACHN Cells 

Expression of Bcl-2 was also evaluated in ACHN cells by 
fluorescence-activated cell sorter (FACS) analysis following in 
vivo administration of bcl-2 ODNa. Tne ACHN cultures, grow- 
ing in six-well plates, were exposed to bcl-2 ODNs and con- 
trol materials as described above. Cells were harvested at 48 h, 
washed with PBS, and fixed at 4°C for at least 30 min with a 
solution of 60% ethanol in PBS. Samples containing 2 X 10* 
fixed cells were stained with a solution containing RNase A75 
KU/mL and propidium iodide (PI) 50 jtg/mL (Sigma) and were 
analyzed using FACScan (Becton Dickinson, San Jose, CA). 
Red PI fluorescence was monitored using an LP 620 filter. 
Twenty thousand event* per sample were stored, and the his- 
tograms were analyzed further using Cell Quest v. 3.1 (Becton 




FIG. X Transection efficiency of lipofcctin Id RCC cells. 
Transection efficiency with £-gaiactosida»e control piasmid 
0.5 /ig/raL in Lipofectin 0, 2.5, 5, and 10 ^ig/mL was Identi- 
fied in ACHN, RCZ, RCW, and OS-RC-2 cells. 
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nc 3. Growth inhibitory effects on ACHN, RCW, and 0S- 
RC-2 cells of antisense bcl-2 (AS I and AS2) end sense bcl-2 (SI 
and S2) ODNb and control with or without Lipofectin for 4 days 
beginning 1 day after cell seeding. Cells were treated with 150 
nM ODNa on days 2 through 4. Each point is mean i SO of trip- 
licate samples. Ail experiments were repeated at least once. 

Dickinson) to estimate the percentage of cells in various phases 
of the cell cycle. 

In Vivo Administration of Antisense bcl-2 ODNs 

A series of BALBc nu/nu mice, 6 to 8 weeks old and 22 to 
25 g in body weight, were purchased from CLEA Japan, Inc. 
(Tokyo) and housed in a pathogen-free environment at 22°C on a 
llrh light, 12-b dark cycle. Mice were given acidified, autoclaved 
water and an X-irradiated commercial diet All manipulations were 
performed under sterile conditions in 0 laminar flow hood Each 
experimental group of mice included at least six animals. 

For in vivo study, approximately 1 X 10 7 cells of the ACHN 
line suspended in 200 *tL of MetrigeJ (Collaborative Biomed- 
ical Products, Bedford, MA) were injected aubcutaneously into 
the lower right flank. When the implanted tumor bad grown to 
about a 200-mg volume, 1 mg of antisense bcl-2 (AS2) with 
or without 1 mg of Upofectin dissolved In 100 /*L of serum- 
free OPT1-MEM was injected locaUy into each tumor three 
limes a week for 4 weeks. Untreated and Upofectin-only 
groups were used as controls. The growth of the subcutaneous 
turaon was measured serially with calipers. The greatest length 
of a tumor mass (a) and the width perpendicular to it (b) were 
measured every 7 days, and the tumor siie was reported as 
8 iXWI Toxicity was assessed on the basis of apparent drug- 
related deaths and net body weight loss. Net body weight loss 
was calculated as a percentage of the mean net body wetght 
of untreated mice. 

Statistical Analysis 

All statistical analyses were performed using commercial 
software (Stntview 5.0; Abacus Concepts Inc., Berkeley, CA, 
USA). The significance of the difference between two obser- 
vations was determined using a two-tailed Student's f-tesL P 
values <0.05 were considered to reflect statistically significant 
differences, linear regression analysis was performed on in vivo 
tumor growth curves, and the slopes were compared to evalu- 
ate the statistical significance of the difference 1. 



RESULTS 

Expression of bcl-2 mRNA in RCC Lines 

To establish whether the antitumor effect observed in vitro 
was attributable to & specific antisense effect, bcl-2 mRNA ex- 
pression in each cell line was evaluated by RT-PCR. Expres- 
sion of bcl-2 mRNA was readily detected in all five RCC cell 
lines (Fig. 1). Variations in template cDNA concentrations were 
normalized by coampliflcation of 0-ectin. 

Transection Efficiency of Upofectin in RCC 

Dose-dependent transfection efficiency was noted in ACHN, 
RCZ, RCW, and OS-RC-2 celU. In ACHN, transection effi- 
ciency with a 0-galactosidaae control plasmid 0.5 /ig>mL In 
Upofectin 0. 2.5, 5, and 10 ttg/mt was 8.2*, 17.9%, 20.3%, 
and 25.6%, respectively. In RCW cells, transfection efficiency 
under the same conditions was 1.2%, 3.8%, 4.6%, and 6.7%, 
respectively. In OS-RC-2 cells, the transfection efficiency was 
2.1%, 3.8%, 4.6%, and 6.7%, respectively. No transfection was 
identified in RCZ cells (Pig. 2). 

In Vitro Growth Assay and Western Blot Analysis 

The most growth inhibitory effect of treatment with 130 nM 
AS1 , SI , AS2, and S2 ODNs in Lipofectin was noted in ACHN 
cells compared with RCW and OS-RC-2 cells. The AS2-treated 
groups showed the most growth inhibitory effect in all three 
RCC lines. No inhibitory effect was found in untreated and 
Upofectin-only cells. Interestingly, SI and S2 treatment inhib- 
ited growth in ACHN and RCW cells (Fig- 3)- To examine the 
growth inhibitory effect of various concentrations of ODNs, 80 
nM and 150 nM concentrations of each ODN with Upofectin 
were added to ACHN cells. All groups except the control and 
Upofectin-only showed growth inhibition. All 150 nM treat- 
ment groups showed a greater growth inhibitory effect than 80 
nM groups (Fig. 4). 

The effect of treatment at 150 nM AS1. SI, AS2, and S2 
with Lipofectin on Bcl-2 protein expression in ACHN cells at 
48 b was evaluated by Western blot analysis. Untreated control 
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FIG 4. Dose-dependent effect of bcl-2 ODNs and c^trolto 
ACHN ceUs^eUswere treated with 80 nM and 150 nM ODNs 
CfSfcctin. Each point is mean ± SD of triplicate samples. 
All experiments were repeated at least once. 
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l Lt^o^:M ODN treatment with un- 

nf fl^ctin served as control for uniformity orprotein gel load- 
S^SST^ -d *-actin proteins were detected »- 
rouUaneoualy by chemHuminescence. Experiment was re- 
pealed twice. 



75 



DISCUSSION 

The Bcl-2 protein has a unique ability to block cell dcattu 
Tfce bcl-2 gene product regulates programmed cell death, aid 

selection and maintenance of long-living cells and to rescmng 
Z* from epopcotic death~.».» As cancer U a ducascof^ 
tered cellular homeostasis, recent serotypes have targeted the 
induction of programmed ccU death as an attractive paradigm 
for the treatment of this disease. 20 

Several studies have demonstrated high levels of BcWex- 
, pression m cancers of the colorectal*. stoimch. brewt. ovW 
^P-aCtlR ; nd prostfttet a. well as neuroblastoma and acute and chrome 
Stootat. wl In colorectal cancers. Bcl-2 expression may rcp- 
" e*rty event in tumorigeoesis. as 
and superficial regions of dysplastic polyps are more likely to 

display Bcl-2 staining. 12 ■ . . 

I RCC. Bcl-2 pnxcio eipre^ton h» been detotted m ™- 
tuHly .11 clear-cell carcir^arcjmd «>* to W»* ^ta- 
mun ohi»tochemleal ana****" 4 However. Be « l^*** 
»,, not ...eclated with any patortogical feature A BcM-po.- 
Uivc reaction w» .omewh»t a»ocia«ed with a poo, 
cornered with Bd-2-negativ. ce.. alfcougn ^Waltt 
forence between the two group. wa» not observed. V..ava* 



and Uptrfectto without ODN. culture, were tued a. eontroU. 
The BcW protein expreulon decreed to cell, acted whh 
AS1 06%) end AS2 (13%). However, no .upprcMioo wa. 
„c«d In the untreated control. Upofeeliu. SI. ani IB W 
^g. J). Demitometric evaluation confirmed that Bd-2 level, 
were oormaUied to p-actin level.. 

FACS Analysis cfApoplosU after In Vivo bcl-2 
Antisenst ODNs Treatment 

Anal,* of the DMA content hUttgram. by FACS analyi. 
reveled an accumulation to the hypoploid reg.cr. represen- 
tative of a population undergoing epopiotic cell death. A greattr 
^Beo? the ACHN ce>U derived fcomA^ea^ 
etUte I the char.ct.rl.tic. of apoptcU. The bcl-2 aoU««e 

ODN. induce" •POP"" uAtbb> 321 * 4 " 
aSw cXwaSwlU. AS1 and AS2 + Upofcctin reapec- 
W.Zc ceU. .bowed a hypoploid DNA content. tadKa- 
d« of apoptoal.. In contm*. untreated control. cell, treated 
^UpXS alone. andcelU receiving 
fccUnXwed 5.7*. 6.6*. S.9*. and 1 Mft hvpodiploid DNA 
content., rMpeefively (Fig. 6). 

1„ Vivo An/Jlumor lyjiel cf bcl-2 lS)OD» Treamen, 
on ACHN RCC Lin* 

Nud e mice bearing ACHN tumor, were 1 
of AsT/mouse three lime, a week for 4 week, total 12 rag). 
Group. tavTng intratumor injection, of AS2 w.tb Llpofeeta, 
lTd a .«aS-ic.V .ignlfican, reduction 
IP < 0.05-0.01) at 2 to 6 week, after tre.tmeaU However. 
M wuhou, Upofcctin. control with Upofecto, and un- 
dated control group, did act .how .By reduct on (F«. J> 
The maximum effect on tumor growth wa. evident at 2 to 3 
TeekSer uxatme* No de.* or body weigh, lo.. wa. ob- 
served (data not ahown). 
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and «,oci.« S " reported that a high level of Bcl-2 •tJnmg, es- 
pecially in the elear«ell.ubtype or RCC, *»■ Identified in 80% 
of cel. Thi. expWMlon pattern correlated well with higher m- 
mot grade, but alone ea a piedictor of adverse outcome, it did 
„nt achieve • .tactical aignifiennee." Lipponen and cowork- 
er." reported that Bcl-2 wa. cxpreaied In 20% of minora, be- 
bu particularly common in well-differentiated small tumor, and 
tow-.lege tumor, </> < 0.0001). In addition, infrequent «pre»- 
.io. ofBcl-2 I. ROC wa. reported, with only 2 of 31 < 
0%) ibov/ing positive alalning. 11 In oar study, 51 of 1 13 RCCa 
45%) ahowed Bcl-2 expre..ion. but there wa. no corretadon 
with tumor grade or alage and progno.ii by iromunohlrto. 

reflect a higbei propenaity for cell cycle mUr.gol.rJon. 

Therapeutic .taupe* for tho.« disease, overexprearing B* 
2 havered c, d«r*..h,g Bcl-2 .eve!., are 
chemically modified alretche. of elngle-liand DNA that arc 
complementary to mRNA region, of a target gene. Ant'-ense 
OW. «n innittt gene expre..ion by forming RNA:DNAdu- 
pl.x„, uweoy reducing the «dvlty of the target gene pod- 



cer cell, in vitro and melanoma celU both to v»r» and in 
vrvo.' 14 In fact, and kmc bcl-2 ODN. therapy ho. recently been 
conducted in patient, with nc^Hodgldn'. lymphoma, resulting 
in some initial aueceaa." . f 

Our data have ahown that bcl-2 mRNA is expre-ed in all of 
five RCC line, and that bcl-2 anu»n« 0?N. are effecO« in- 
hibitor! of RCC growth ir.vtlroa.weU a. to v^ The ^im 
U««e ODN. (AS1 and AS2) rc veaW differer^kvd. ofhAl-- 
bidon of growth of ACHN cell.. Begler and colleague, 
examined ^inhibitory effected ""^^^ 
various region, of the bcl-2 mRNA sentence lolderdlfy fte m»l 
effective LfmalA for reducing ^P™^"^^ 
cell lung cancer. Their ODN 2009 that ****** 
sion of the hel-2 mRNA was the most cytotoxic. In a j''™V' 
,.ame.,2009) .bowed . ^"^TZ'TbTi 
AS1 which target, the tmnrtattan initiation ..lea of fte W 
^A ^rTeaung relap~d „r,HodgU»-. lynnW 
The therapeutic index of bcl-2 enoeenae preparation was 
cloiely related to the doae. The do.e-re.por*: relation and *e 
bTrLVof antiturnor effecU with the mm. bcl-2 ODN. con- 
trol. .upporl the hypothesis that bd-2 andsenje CWfcM. re- 
st™.!" me antitumor ectivity c^erv^^w«v«. the 
convincing demonstration of bcl-2 ' ~ 

quence specificity » the tov/nregulatJon of BeW potetn *» 
cl» In ACHN ceU. fa vilra . ^ ^ rf 

Leonctli and aa.oeia.tes 54 reported that a toul OU« oo» 



ANTISENSE AcW odn for rcc 

8 mg/inouie given in a single cycle of treatment for 8 consec- 
utive days 0 mg/mousc per day) was highly ionic, resulting in 
o 509b death rate. Moreover, 1 mg/rnousc per day of sense and 
scrambled ODNa given on the name schedule also caused toxic 
effects in the absence of antitumor activity. In our in vitro study, 
SI and S2 sense ODNs showed growth inhibition but not re- 
duced Bcl-2 protein expression compared with the an ti sense 
AS1 and AS2. Yanwen ct al 37 reported that phosphorothioated 
ODNs, including the guanine quartet sequence, showed a non- 
apecific amiprolifcrative effect In addition, ODNs containing 
excellent matches for the CpO motif cause lymphocytic acti- 
vation in viiro and in wW These data suggest that nonspe- 
cific toxicity might reflect some phyricochemical property of 
pbosphofoihloated compounds. In our in vivo study, no adverse 
effect was noted in mice receiving a total dose of 12 rag of an- 
tiieiue bcl-2 ODN/mouse for 4 weeks. Additional studies are 
required to assess the effects of bcl-2 antisense phosphoroth- 
ioated ODNs on normal cells in vivo. 

The antitumor effects of bcl-2 antisense ODN« have been 
obtained at relatively high concentrations. At the beginning of 
gene therapy using antisense bcl-2 ODNa In vitro, effective 
concentrations of ODNs wore about 50 to 250 ^M." Then, 
phosphorothioated ODNa have been developed and used at (X3 
to 10 fiM concentrations.** 40 * 1 Phosphorothioated ODNs ate 
stabilized to resist nuclease digestion because one of the non- 
bridging phosphoryl oxygens of DNA has been replaced with 
a sulfur. Recently. Zieglcr and coworkers 14 used 0.15 /*M 
phosphorothioated antisense bcl-2 ODNs with liposome trans- 
action using N-[H2,3^»oleoyloxy)piopyl]-N,N,N-trimethy- 
lammoniuni mcthyUulfnie (DOTAP). In addition. Cleave et 
al 42 reported that 500 nM antisense bcl-2 ODNs with Upc- 
fectin inhibited cell growth. In our study, the transfection ef- 
ficiency increased in a dose-dependent manner from 8.2% 
without Upofecttn to 25.6% with Uporectln 10 ug/raL, and 
150 nM antisense bcl-2 ODNs showed an antiproliferative ef- 
feci in RCC cells. The effective concentration of anuscnee 
ODNs has been decreased. However, further development is 
needed to overcome many difficulties, among which are high 
cost and difficulties In the large-ncale production of ODNs. We 
hope that the development of third-generation ODN analogs or 
more efficient ODN delivery will lead to therapeutic applica- 
tions hi humans. 



CONCLUSION 

The present study confirms that inhibition of bcl-2 function 
by administration of antisense bcl-2 ODNs interferes with cs- 
Ublished growth of RCC cell lines in vitro and in vivo We 
showed that Bcl-2 protein levels decrease after antisense bcl-2 
treatment, and the decrease in cellular proliferation is secondary 
to programmed death. However, because numerous genes me- 
diate tumor progression, inhibition of a single target gene is un- 
likely to be aufflcienl to suppress tumor progression completely. 
Indeed, there has been only one report demonstrating a case of 
complete response in relapsed noD-Hodglcm's lymphoma after 
uxaunent witVantisense bcl-2 ODN." Accnromgly. use of an- 
risen* ODN. targeting anti-epoptotlc molecules may enhance 
the extent of apoptoaU-initiated chemotherapeuhc or hormonal 
agents, improving control over tumor progression. 
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